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1 

Device and method for operating a discharge lamp 



The present invention relates to a device and method for operating a high- 
pressure discharge lamp. 

High intensity discharge (HID) lamps are operated during the steady state 
operation within a small power urange to extend lamp life. Furthermore, during run-up 
operation the run-up current, i.e. the current directly after ignition, must satisfy strict 
conditions. The run-up current should be sufficient to allow a quick run-up, but not too large 
to damage the lamp. 

In the drive circuitry for driving the lamp or ballast circuit, the power level 
during steady state and the current level during the run-up phase must be controlled. More 
specifically, in steady state the power supplied to the lamp should be kept in a narrow power 
band, independent of the lamp voltage (within the normal lamp specifications) and also the 
run-up current must be limited to fulfil the given lamp specifications. 

Typically the ballast circuit for driving the lamp comprises a switched-mode 
power supply (SMPS) connected between the mains and the lamp. As HID lamps are 
susceptible to acoustic resonance at high frequencies, HED lamps are to be driven at relatively 
low frequency (typically 100 Hz) in a square wave current operation. 

In a three stage drive circuit design the switched-mode power supply for HDD- 
applications comprises a first stage including a preconditioner, for example a double rectifier 
for rectifying the mains (230 V 50 Hz), combined with an up converter. The second stage 
comprises a down converter (DC-DC converter), also called a forward or buck converter, for 
stabilizing the output current The third stage of the ballast circuit comprises a commutator 
half- or full bridge (and ignitor) to implement the square wave current operation. The above 
mentioned power control during steady state and current control during run-up phase is 
implemented with a feedback loop. The actual output power level of the downconverter can 
be determined by means of measuring the input current of the downconverter. A control 
circuit is provided for controlling the output of the down converter. Assuming the input 
voltage is constant, the input current of the down converter is linearly related to the input 
power. Assuming further that the losses in the down converter are constant, the control circuit 
is able to control the output power of the down converter, based on the measured input 
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current. Consequently, the output current level during steady state is controlled by measuring 
the input current of the downconverter and providing the measured input current to the 
control circuit. This type of control, in case of critical discontinuous mode of operation, is 
called the I pea k control. For low lamp voltages, which indicate the run-up phase, the output 
5 current of the downconverter instead of the output power is to be controlled and is set at a 
fixed value as specified for the particular type of lamp used. More specifically, the output 
current is limited, i.e. the maximum downconverter current is set to the run-up current. For 
low lamp voltages the constant power feedback saturates and the current is limited. 

A drawback of the above feedback control is that it can be too slow to 

10- sufficiently stabilize the lamp ballast interaction. For-Gertain4amp-types-and for lamps 

operated on reduced power levels (dimmed lamps) the operating device can become instable 
and the lamp may extinguish. For other, less critical lamp types the operation may be stable 
to a certain degree. However, the performance of the operating device may be rather poor due 
to for example overshoot-effects after commutation. One of the reasons is that the sensed 
15 input current must be filtered to eliminate disturbances of the control loop caused by the 

switching process. A further drawback is that the feed back control can become instable. The 
feedback control further requires relatively complex circuitry. 

In a further simplified two-stage ballast design the down converter and 
commutator bridge are replaced by a half-bridge commutating forward (HBCF) or a full- 
20 bridge commutating forward (FBCF) topology. In this topology, however, it is difficult or 
complicated to measure the peak current, especially in the HBCF topology, necessary to 
implement a control of the peak current (Ipeak control). 

It is therefore an object of the present invention to provide a switched mode 
power supply for high intensity discharge lamps wherein the lamp power during steady state 
25 and lamp current during run-up phase can be controlled and wherein the above mentioned 
drawbacks are obviated. 

This object is achieved according to the invention in a device for operating a 
high-pressure discharge lamp, comprising: 

a switched mode power supply circuit for supplying power or current to the 
30 high pressure discharge lamp from a supply voltage, the power supply circuit comprising at 
least one power switching element; 

control means for controlling the at least one power switching element in its 
switched-on and switched-off states for controlling the power or current supplied to the bigH- 
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3 14.01.2002 
wherein the control means are adapted to control the power consumed by the lamp during its 
steady phase or the current consumed by the lamp during its run-up phase by controlling the 
on-time (T 0 „) of the switched-on state of the at least one power switching element. Forward 
control without any feedback or measurement by means of controlling the on-time (T on ) of 
5 the switched mode power supply provides a stable and simple control circuit. Also the speed 
of the control corresponds with the switching frequency of the switched mode power supply 
and consequently is larger than the control speed in case of using a standard feedback control. 
Typically a standard, high speed feedback control provides a control speed of about 1 kHz or 
less. The control speed according to the invention is equal to the switching frequency of the 
1 0 switched mode power supply and is typically at least 1 00 kHz. 

Preferably the value of the on-time (T on ) of the at least one power switching 
element is a preset value, the preset value depending on the specifications of the type of 
discharge lamp used. During steady phase, each discharge lamp type is to be driven in a 
relatively narrow power band which is characteristic for the lamp type. Moreover, the lamp is 
15 to be driven in this power band substantially independent of changes in the lamp voltage. For 
each discharge lamp type the reference power at which the lamp is to be driven is known. 
Consequently, the on-time (T on ) if the power switching elements) is preset such that the 
lamp is driven at the specified reference power. 

In case of lamps with a relatively small variation in lamp voltage during life or 
in case of lamps which are less susceptible to variations, the on-time (T on ) of the at least one 
power switching element for a specific discharge lamp type is preferably substantially 
constant during operation of the lamp. Therefore a relatively simple circuit design will be 
sufficient. 

However, in case of critical lamps, lamps with a relatively large variation in 
lamp voltage during life, or lamps which require an exact power level for good color 
properties, and/or in case the ballast is provided with the option of diniming the lamp, the 
power control is preferably extended with a relatively slow feedback control to guarantee a 
constant wattage over a broad range. This low-speed feedback uses the input current of the 
down converter, HBCF- or FBCF-topology as input for the feedback loop. This feedback 
loop guarantees a correct power level over a broad voltage range. More specifically, in a 
further preferred embodiment of the invention the device comprises: 

- input current detennining means for determining the input current of the 
power supply, the input current determining means providing a signal representative of the 
determined input current; 
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- a feedback means through which said signal is fed back to the control means, 
wherein the control means are adapted to control the on-time (T on ) of the at least one 
switching element as function of said fed back signal 

Furthermore, to improve the behavior of the power control in case of 
5 application of HBCF- or FBCF-topologies wherein the depolarization process of the output 
capacitor may cause unwanted high peak currents during commutation, a relatively simple 
high-speed feedback control is preferably added. This high-speed feedback uses the lamp 
voltage as input for the feedback loop. More specifically, in a further preferred embodiment 
of the invention the device comprises: 

1-Q ^voltage-determiningjoieans for determiningthe .lamp jypltage,. the^.oltege 

determining means providing a signal representative of the determined lamp voltage, 

- a feedback means through which said signal is fed back to the control means; 
wherein the control means are adapted to control the on-time (T on ) of the at least one power 
switching element as function of said fed back signal. The iteration frequency of the 

1 5 additional fast feedback control is equal to or slightly less than the switching frequency of the 
switched mode power supply. 

The control means may comprise an additional power controller which 
processes the fed back signal and operates a separate controller means for controlling the 
Ton-time of the power switching element(s). Both controllers also may be combined. 

20 In another preferred embodiment the device comprises dim level means for 

setting of a reduced lamp power level, the dim level means providing a signal representative 
of the dim level of the lamp, wherein the control means are adapted to control the on-time 
(Ton) of the at least one power switching element as function of said signal. The control 
means may comprise an additional power controller which processes the dim signal and 

25 operates a separate controller for controlling the T on -time of the power switching elements). 
The simple fast respectively slow feedback controller for precise power adjustments, the T on 
time controller and/or possibly the additional dim level controller may also be combined onto 
one single device. 

The additional controller may be implemented in a low-performance 

30 microprocessor, because the speed of the A/D-converters is not critical for the relatively slow 
average power adjustments. 

The iteration frequency of the additional slow feedback control is 100 Hz or 
less, preferably aboufTirfEori^^ 
iteration frequency far lower than the switching frequency of the switched mode power 
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supply, the fast power disturbances are controlled by the T on -forward control, while the slow 
power disturbances are controlled by the additional feedback circuit 

According to another aspect of the invention a method is provided for 
operating a high-pressure discharge lamp, comprising: 

supplying power to the high pressure discharge lamp from a supply voltage, 
using at least one power switching element; 

controlling the power consumed by the lamp during its steady phase using 

control means; 

wherein said the control means control the lamp power during the steady state of the lamp by 
fixing the on-time (T on ) the at least one power switching element. 

Preferably the method comprises also the steps of presetting the value of the 
on-time (T on ) of the at least one power switching element depending on the specifications of 
the type of discharge lamp used. 

Further advantages, features and details of the present invention will be 
elucidated with reference to the annexed drawings, in which: 

Fig. 1 shows a schematic diagram of a lamp and its ballast circuit for driving 

the lamp; 

Fig. 2 shows a schematic circuit diagram of a half-bridge commutating , 
forward (HBCF) topology of a switched mode power supply; 

Fig. 3 shows a graph of the current (I) supplied by the switched mode power 
supply, as function of the time (t) in case the switched mode power supply is operated in a 
critical discontinuous mode; 

Fig. 4 shows a graph of the lamp power (P Iamp ) and lamp current (I [amp ) during 
the run-up phase and the steady phase, as function of the lamp voltage (U }amp ); 

Fig. 5 shows a graph of the lamp current Qi^) as function of the lamp voltage 
(Uiamp) for constant I pea k-control and for constant Ton-control; 

Fig. 6 shows a graph of the lamp power (? iamp ) as function of the lamp voltage 
(Uiamp) for constant I pe ak-control and for constant T on -control; 

Fig. 7a shows a schematic diagram of the power controller without feedback; 

Fig. 7b shows a schematic diagram of an additional feedback power controller 
of a further preferred embodiment; and 
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Fig. 8 shows a circuit diagram of a power controller with combined feedback 
and T on controller, including an optional dim level input switch. 



5 Figure 1 shows a three-stage ballast for a high discharge lamp L comprising a 

preconditioner 1, which includes a rectifier 2 for converting the AC supply voltage (typically 
a 230 V 50 HZ mains) to a DC supply voltage and an up-converter 3. The ballast furthermore 
comprises an energy buffer 4, a down-converter 5 and a full bridge commutator 6 for driving 
the lamp L in a square wave operation. The full bridge commutator 6 comprises four 
.10. ..JVIQSFEI.S.7, jaseriesigniteHnd^ctpr 8 or an .igniter Jxansformer 8, a lamp capacitor 9 anda 
separate ignitor circuit 10 for driving the lamp in the ignition phase. The preconditioner 1, 
down converter 5 and commutator 6 are controlled by a control circuit 1 1. 

In broken lines is shown the prior feedback control loop. The input current 
Isense of the down converter 5 is measured and fed back to the control circuit 11. Based on 
15 the measured input current Isense, the control circuit 1 1 controls the down converter so as to 
set the output power (steady state) or output current (run-up state) of the down converter 5 to 
the desired level. 

In figure 2 is shown the end part of a two-stage ballast for a high discharge 
lamp. In the two-stage ballast the circuitry of the last two stages of the three stage ballast are 

20 combined. Compared to the three-stage ballast the two-stage ballast is simple and the costs 
for manufacturing are relatively low. The half bridge commutating forward (HBCF) circuit of 
figure 2 shows a first MOSFET Tl, a second MOSFET T2, a first and a second diode Dl and 
D2, a lamp inductor 8, a lamp capacitor 9, the lamp L and two capacitors C s . Instead of a 
half bridge a full bridge is conceivable, wherein the capacitors C s are replaced by MOSFETS. 

25 The half bridge commutating forward circuit or full bridge commutating forward circuit is 
operated in the critical discontinuous mode to allow zero voltage switching. Each half 
commutation period (commutation frequency in the order of 100 Hz), one MOSFET (Tl or 
T2) is operated in combination with the diode (D2 or Dl) of the other MOSFET. 

The average level of the output current of the three-stage down converter 

30 circuit or the two-stage half/full bridge commutating forward circuit (FBCF/HBCF) when 
operated in the discontinuous mode, is determined by the minimum and maximum level of 
the current or the time T on during which the MOSFETS of the circuit is active (switched-on 
state)T When operated in the critic^liiscontmuoUs~mo'de7where 
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is zero, however, the level of the output current can be determined by the T on -time or the 
maximum current value I pea k only, as is shown in figure 3. 

In table I are shown the equations valid for I pea k control which is implemented 
in the earlier-mentioned feedback control. The constant current 1^ control is further 
elucidated in figure 5 and 6, wherein the lamp current I lamp and the lamp power P Iamp as 
function of the lamp voltage Uiamp is shown. 





Ipeak control 


Ton control 


lL,peak 


lL,peak = constant 
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It 
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Itamp = constant 


T . (U supply " U tamp)' Ton 

lump 2L 
Ton = constant 


Plamp 
===== 


Plamp XJ lamp ' Ilamp 

Iiamp = constant 


P lamp — (U supply • U lamp ~ U lampX~r) 

~- = constant 
2L 



Table I Lamp power and lamp current equations for constant T on control and constant 
Ipeak control 



In the run-up phase, which is shown in the left part of figure 4, the lamp 
voltage is relatively low (typically 20 V) and the lamp current level I Iamp is maintained 
constant at a reduced level. The level is dependent on the specifications of the particular lamp 
in use. The theoretical power curve in the run-up phase shows a diagonal line. This is true for 
a short time scale. During steady state, shown in the right part of this figure, the power level 
instead of the current level is to be kept constant. Hence, for higher voltages the feedback 
control loop comes into action and stabilizes the power to a constant level, independent of the 
lamp voltage. The feedback loop will provide a constant power line over a broad lamp 
voltage range in steady state. 

Li case of using a feedback loop, the output current value is adapted during 
steady state by the feedback control circuit 1 1 to such an extent that a constant power level is 
maintained. If, for example, the lamp voltage changes from 100 V to about 1 15 V, the lamp 
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power would rise from 80 W (a) to 92 W (b). To avoid this and therefore to keep the power 
level Piamp constant, the feedback control reduces the output lamp current from 0,8 A to 0,7 A 
(arrow Pi in figure 5). This results in a reduction of the power levei (arrow P 2 in figure 6) so 
as to keep the power level Piamp constant. In this figures the continuous thin line and the 
5 broken thin line represent the lamp current and lamp power values in case of a constant I pea k 
control, before (orig) respectively after (reduc) the feedback control intervenes. 

In the feedback loop the switching behavior must be filtered out to avoid 
instabilities in the closed loop. This slows down the response time constant to several times 
below the switching frequency. 

-In-the constant ToirGonteolaw^^ 

the critical discontinuous mode are given in the right-hand side of table I. The constant T on 
control is further elucidated by the thick lines shown in figures 5 and 6. 

In case the control circuitry 1 1 controls the time during which the switched 
mode power supply is in the switched on and/or the switched off state (T on -control), the lamp 
1 5 power curve shows a parabolic shape, as clearly is shown in figure 6, the power curve being 
the same on a short time scale as in steady state. The T 0 „-time of the power supply is preset 
by the control circuitry 1 1 to a value wherein the voltage supplied to the lamp corresponds to 
the nominal or reference lamp voltage, for example a reference lamp voltage of 100 V (point 
a). As shown in figure 6, the power level for a preset T on -time is substantially constant within 
20 a considerable wide voltage range. The present generation of high discharge lamps typically 
shows a 5% variation in nominal lamp power at the most. However, even in case of a 15% 
variation of the lamp voltage (for example a 15% increase from 100 V to 1 15 V), such as due 
to a voltage peak as a result of re-ignition of the lamp, this only results in a relatively small 
reduction of the lamp power Piamp (point d). Consequently, in the voltage range from 100 to 
25 1 1 5 V the lamp power is more or less constant. The reduction is less than 5% (P 3 ), which in 
practical applications is acceptable. Although the power is not exactly constant as function of 
the voltage, it is acceptable flat within a reduced lamp voltage range. 

For very large variations, for example for very high lamp voltages, the power 
level is furthermore automatically reduced, which results in good end of life behavior and 
30 reduces end of life problems. 

The above description of the constant T on -time control shows that, with a fixed 
input voltage of the switched mode power supply, the desired output can be attained and 
feedback circuitry, that must be applied in the constant ipeak conn^olrcaiT'ffe-omicted: 
Furthermore, the use of a fixed forward control with a fixed setting-gives a stable lamp power 
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control and run-up current control, and provides a fast response, i.e. a response substantially 
equal to the switching frequency (100 kHz) of the commutator, which enables transients to be 
followed. Additionally a relatively simple circuit design will suffice. 

In the above embodiment the T on -time is kept constant to achieve a 
substantially constant lamp power level or reference power level. In applications wherein a 
user is given the opportunity to dim the lamp power level or when critical lamps or lamps 
showing a large variation in lamp voltage during life are applied, the "feed forward" control 
according to a further preferred embodiment is extended with a relatively slow feedback 
control. This additional feedback control enables the preset T on -time of the power supply to 
be reduced in order to dim the lamp power to a desired dimmed power level or guarantees a 
more constant lamp power over a broad voltage range in case of critical lamps. 

Furthermore, also in case of a two-stage power supply using HBCF- or FBCF- 
topology, according to a preferred embodiment, an additional, relatively fast feedback may 
be needed. Direct after commutation, i.e. after every current reversal, very high current peaks 
flow through the inductor which is caused by the depolarization process of the output 
capacitor. Also the current must be reduced in the run-up phase and in a short circuit 
situation. Therefore, to avoid saturation of the HBCF~/FBCF-coil, the T on -time should be 
reduced for low lamp voltage. 

Figure 7a is a schematical representation of the T on power or current control 
without using any additional feedback, as explained above. Figure 7b is a schematical 
representation of the T on power or current control wherein an additional feedback is applied. 

The additional control loop can be implemented in a low performance 
microprocessor system because the speed of the A/D-converters is not critical for the slow 
average power adjustment. The fast power disturbances are controlled by means of the earlier 
described T on forward control part. 

Furthermore, figure 8 shows a diagram of a lamp and its ballast circuitry in a 
further embodiment, wherein the option of dimming of the lamp is provided. When the lamp 
power level is to be reduced from a fixed reference power level to a user set dimmed power 
level, the user operates an input control (not shown), which sends (A) a signal representative 
of the dim level to the additional power controller. The additional power controller then 
controls the T on controller (A) so as to indirectly control the T on time (B) of the power circuit 
(figure 7b) or reduces the T on time of the power circuit directly (figure 8), i.e. the down 
converter circuit or the halfffull bridge commutating forward (FBCF/HBCF), accordingly. 
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In case of lamps showing a large variation in lamp voltage, a relatively slow 
power feedback loop is used to guarantee a correct power level over a broad voltage range. In 
this feedback loop (figure 8) the measured input current is fed back. 

In case of a HBCF- or FBCF-topology an additional high speed feedback loop 
may be implemented, as mentioned earlier. In this feedback loop the lamp voltage is 
measured, preferably indirectly to avoid differential lamp voltage measurement. In figure 7b 
line C represents a lamp related signal such as the lamp voltage, which signal is fed back to 
the power controller. The additional power control circuitry uses this signal to have the T on 
controller reduce the T on time of the power circuit, which shifts the power curve over the 
lamp- voltage -axis-accordingly. -■ - 

The present invention is not limited to the above described preferred 
embodiment thereof; the rights sought are defined by the following claims, within the scope 
of which many modifications can be envisaged. 
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1 . Device for operating a high-pressure discharge lamp, comprising: 

a switched mode power supply circuit for supplying power to the high 
pressure discharge lamp from a supply voltage, the power supply circuit comprising at least 
one power switching element; 
5 control means for controlling the at least one power switching element in its 

switched-on and switched-off states for controlling the power or current supplied to the high- 
pressure discharge lamp; 

wherein the control means are adapted to control the power consumed by the lamp during its 
steady phase or the current consumed by the lamp during its run-up phase by controlling the 
1 0 on-time (T on ) of the switched-on state of the at least one power switching element. 

2. Device according to claim 1 , wherein the value of the on-time (T on ) of the at 
least one power switching element is preset value, the preset value depending on the 
specifications of the type of discharge lamp used. 

15 

3. Device according to claim 1 or 2, wherein the on-time (T on ) of the at least one 
power switching element for a specific discharge lamp type is substantially constant. 

4. Device according to any of the preceding claims, comprising: 

20 - input current determining means for determining the input current of the 

power supply, the input current determining means providing a signal representative of the 
determined input current; 

- a feedback means through which said signal is fed back to the control means, 
wherein the control means are adapted to control the on-time (T on ) of the at least one 

25 switching element as function of said fed back signal. 

5. Device according to any of the preceding claims, comprising 

- voltage determining means for determining the lamp voltage, the voltage 
determining means providing a signal representative of the determined lamp voltage, 
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- a feedback means through which said signal is fed back to the control means; 
wherein the control means are adapted to control the on-time (T on ) of the at least one power 
switching element as function of said fed back signal. 

5 6. Device according to any of the preceding claims, comprising a dim level 

means for setting of a reduced lamp power level, the dim level means providing a signal 
representative of the dim level of the lamp, 

wherein the control means are adapted to control the on-time (T on ) of the at least one power 
switching element as function of said signal. 

7. Device according to claim 5 or 6, wherein the control means comprise a 
feedback controller for controlling the control means. 

8. Device according to claim 7, wherein the control means are adapted to provide 
1 5 fast lamp power adjustments and the feedback controller is adapted to provide relatively slow 

lamp power adjustments. 

9. Device according to any of claims 4-8, wherein the on-time (T on ) is iteratively 
adapted with a iteration frequency lower than the switching frequency of the switched mode 

20 power supply. 

10. Device according to any of the preceding claims, wherein the switching 
frequency of the switched mode power supply is at least 100 kHz. 

25 11. Device according to claim 9, wherein the iteration frequency is 1 00 Hz or less, 

preferably about 10 Hz or less. 

12. Device according to any of the preceding claims, wherein use is made of a half 
or full-bridge power supply and a filter circuit comprising a series inductor (L) and at least 

30 one filter capacitor (C) parallel to the lamp. 

13. Device according to any of the preceding claims, wherein the switched mode 
power supply comprises a half-bridge or full-bridge commutating forward topology. 
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14. Device according to any of the claims 1-13, wherein the switch mode power 
supply comprises a down converter 

15. Method for operating a high-pressure discharge lamp, comprising: 
supplying power to the high pressure discharge lamp from a supply voltage, 

using at least one power switching element; 

controlling the power consumed by the lamp during its steady phase using 

control means; 

wherein said the control means control the lamp power during the steady state of the lamp by 
fixing the on-time (T on ) the at least one power switching element. 

16. Method according to claim 15, comprising presetting the value of the on-time 
(Ton) of the at least one power switching element depending on the specifications of the type 
of discharge lamp used. 

17. Method according to any of the claims 15-16, wherein the on-time (T on ) of the 
at least one power switching element is kept substantially constant 

1 8 . Method according to any of the claims 15-17, comprising determining the 
lamp voltage, providing a signal representative of the determined lamp voltage, feeding said 
signal back to. the control means and adapting the on-time (T on ) of the at least one power 
switching element as function of the determined lamp voltage. 
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The invention relates to a device for operating a high-pressure discharge lamp, 

comprising: 

a switched mode power supply circuit for supplying power to the high 
pressure discharge lamp from a supply voltage, the power supply circuit comprising at least 
one power switching element, and 

control means for controlling the at least one power switching element in its 
switched-on and switched-off states for controlling the power or current supplied to the high- 
pressure discharge lamp. 

According to the invention the control means are adapted to control the power 
consumed by the lamp during its steady phase or the current consumed by the lamp during its 
run-up phase by controlling the on-time (T on ) of the switched-on state of the at least one 
power switching element. 

Fig. 1 
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